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与结晶相 FePO4 催化剂相比，介孔分子筛 MCM-41、SBA-15 限域 FePO4
催化剂表现出了更为优异的甲烷选择氧化反应性能，其甲烷转化率、含氧化
合物选择性及催化剂稳定性等均有较大提高。XRD、N2 物理吸附、TEM、












离子盐类的考察发现，KCl-1 wt％ FeOx/SBA-15 (K/Fe = 5)具有最佳的催化
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Abstract 
This dissertation focuses on the studies of two challenging catalytic oxidation reactions, 
i.e., selective oxidation of methane and epoxidation of propylene. FePO4 encapsulated in 
mesoporous molecular sieves and FeOx/SBA-15 modified with alkali ion catalysts have been 
developed for these two reactions, respectively. The catalysts have been characterized in 
detail and the structure-reactivity relationships have been investigated. 
FePO4 nanoclusters encapsulated in mesoporous molecular sieves (MCM-41 and 
SBA-15) exhibited superior catalytic performances for the selective oxidation of methane to 
useful oxygenates (CH3OH and HCHO) than the bulk FePO4 catalyst. Methane conversion, 
oxygenate selectivities and catalyst stability are all increased. The characterizations with 
XRD, N2-adsorption, TEM, Raman, XPS and H2-TPR indicate that the FePO4 species highly 
dispersed inside the mesoporous channels of MCM-41/SBA-15 possess better redox 
properties than the bulk FePO4, which lead to higher methane conversion and higher 
selectivities to oxygenates. The results also suggest that the local structure of iron in the 
FePO4 species incorporated inside the mesopores of MCM-41/SBA-15 resembles that in the 
unsupported FePO4. The selective oxidation of methane proceeds with the same reaction 
mechanism over these catalysts. 
A novel catalytic system with iron as the active site and N2O as the oxidant for 
propylene epoxidation has been studied in detail. It is found that the reaction route can be 
changed dramatically from allylic oxidation to epoxidation over the FeOx/SBA-15 catalysts 
by the modification with alkali metal salts. It has been clarified that the addition of alkali 
metal salts eliminates the surface acidity, increases the dispersion of the iron species. The 
coordination structure of iron species is probably changed from distorted octahedral to 
tetrahedral conformation, which is stabilized by alkali metal ions. The tetrahedrally 
coordinated iron sites are proposed to be the active site for the propylene epoxidation. 
Simultaneously, the reducibility of iron species became difficult with the addition of alkali 
metal ions. This probably causes the inhibition of the reactivity of lattice oxygen, which 
leads to the allylic oxidation suppress. The KCl-FeOx/SBA-15 (K/Fe = 5) catalyst exhibits 
the best catalytic performances for propylene epoxidation; at 375 oC, propylene conversion 
and propylene oxide selectivity are ca. 10% and 50%, respectively. The studies on reaction 
mechanism indicate that it is the redox mechanism over the FeOx/SBA-15 catalyst while a 
two molecular reaction proceeds on the FeOx/SBA-15 catalysts modified with alkali metal 
salts, abiding by the Langmuir-Hinshelwood mechanism. 
Keywords: iron-containing heterogeneous catalysts; selective oxidation of methane; 
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Table 1-1 Industrial process for oxidation of hydrocarbons developed during the past 4 
decades[1] 
Process Phase Catalyst 
Naphthalene to phthalic anhydride Gas V-K-O 
Ethylene to acetaldehyde Liquid Pd-Cu-Cl 
p-Xylene to terephthalic acid Liquid Cu-Mo-Cl 
Butene to maleic anhydride Gas V-P-O 
Methanol to formaldehyde Gas Fe-Mo-O 
Propylene ammoxidation to acrylonitrile Gas Complex oxide 
Propylene to acrolein Gas Complex oxide 
Acrolein to acrylic acid Gas V-Mo-O 
Ethylene & acetic acid to vinyl aceteate Liquid Pd-Cu-Cl 
o-Xylene to phthalic anhydride Gas V-Ti-O 
Propylene to propylene oxide Liquid Ti-Mo-O 
Butanol to methylcrilate Liquid MoO3 
Ethylene to vinyl chloride Gas Cu chloride 
Butane to maleic anhydride Gas V-P-O 
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